INTRODUCTION
Chronic inflammatory arthritis affects many aspects of life: physiological, psychological and social (1-2). Complex multidisciplinary interventions, such as team care, are thus necessary for some patients with arthritis (3). Rehabilitation has proved to be effective in different settings, but evaluating the effects of treatment is challenging, especially since the intervention is usually intended to target multifaceted problems. For instance, one-dimensional evaluations may not be capable of reflecting the complex nature of the interventions (4). Furthermore, weak associations, or a lack of associations, between the interventions performed and the measures used to evaluate the outcome do not necessarily reflect a lack of effectiveness, but could simply be a reflection of using inappropriate measures that do not address the constructs of interest adequately (5).
The outcome measures employed are often based on a general consensus among researchers and practitioners, and for patients with inflammatory arthritis these often involve self-reported questionnaires to evaluate disease activity, pain, physical function, fatigue, health-related quality of life (HRQoL) and global health (6-7). Recommendations often concern the aspects that should be evaluated; rarely do they address the use of a specific instrument. As a result, treatment outcomes have been evaluated in numerous ways in different studies. Hence, when interventions are compared the efficacy regarding certain constructs has often been evaluated with several outcome measures, yet comparisons are performed as if they were equivalent.
In 2001, the World Health Organization (WHO) published the International Classification of Functioning, Disability and Health (ICF) in order to help overcome the difficulties encountered when describing the complex relations between disease, treatment and the evaluation of outcome. Linking outcome measures to the different ICF components using a specific linking process has recently become a common method to understand the concepts that are evaluated by different outcome measures (8). It is also important to ensure that the outcome measures used evaluate all or relevant components; body structure, body function, activity and participation and environmental factors (5, 8, 9) . Most of the instruments currently used in clinical practise were developed prior to the ICF, and how they cover the different ICF components has not yet been investigated adequately. Our aim was to study the validity of a set of instruments in order to determine which instruments will provide the best information for multidisciplinary rehabilitation outcome in patients with chronic arthritis. First, we studied how well a number of instruments commonly used in outcome evaluations covered the ICF components (content validity). We also assessed construct validity based on predetermined hypotheses and responsiveness to change of the chosen instruments.
VALIDATION OF OUTCOMe MeASUReMeNT INSTRUMeNTS

MeTHODS
This validation study was based on data from a rehabilitation intervention and its corresponding follow-up. The procedure and outcome of the rehabilitation programme has been published previously (10). Consecutively enrolled patients with inflammatory arthritides (n = 216) attended an 18-day, outpatient, team rehabilitation programme in [2002] [2003] [2004] [2005] [2006] . The female/ male ratio was 153/63 (71%/29%), mean age and disease duration at inclusion were 50 years (standard deviation (SD) 12 years) and 15 years (SD 11 years), respectively. peripheral arthritis (pA, mainly rheumatoid arthritis) was the primary diagnosis in 149 patients, and spondylarthritides (SpA) in 67 patients. evaluations were performed at the start of the programme, after 18 days and after 12 months. A number of patient-reported outcome (pRO) measures, as well as measures of observed physical function, were used to evaluate the results of this complex intervention.
Measures used for the evaluation of treatment outcome
Different instruments for measuring the outcome of treatment, some of which evaluated similar aspects of disease and rehabilitation outcome, were chosen in consensus at the rheumatology clinic with the intention of obtaining as complete a picture as possible of both the subjects and the treatment outcome. All the outcome measures used were standardized instruments measuring aspects included in consensus recommendations (11-13) with acceptable validity and reliability. experienced physiotherapists and occupational therapists performed the observed tests. patients in need of assistance with the pRO measures were aided by experienced health professionals.
Physical functioning. The self-administered Health Assessment Questionnaire (HAQ) was used to evaluate physical disability. It covers the ability to perform 20 activities, and the total score range from 0 to 3 (best to worst) (14, 15) . In the SpA group, the self-administered disease-specific Bath Ankylosing Spondylitis (BAS) Indices for Disease Activity (bASDAI) and Function (bASFI) were used to obtain additional information on disease activity and functional ability. The bAS instruments consist of visual analogue scales (VAS); the bASDAI has 6 items, and the bASFI 10 items. The total score can range from 0 to 10 (best to worst) (16) (17) (18) (19) .
Health and pain. VAS were used to assess global health and pain (0-100, best to worst) (20). In addition, the bath Indices for global health, 1 VAS for each item, measuring global health last week (bASg-1), and global health during the past 6 months (bASg-2) were used in the SpA group, based on the recommendations of the Assessment of Spondylarthritis International (ASAS) (0-10, best to worst) (21).
Health-related quality of life. Three different measures of HRQoL were administered: the Nottingham Health Profile (NHP) (22-24), the Short Form-36 Health Survey (SF-36) (25), and the euroqol-5 Dimensions (eQ-5D) (26).
The NHp, part I, is a generic questionnaire including 38 items which cover 6 subscales: emotional reactions (9 items), energy level (3 items), pain (8 items), physical mobility (8 items), sleep (5 items) and social isolation (5 items). each subscale and the total score range from 0 to 100 (best to worst) (22) (23) (24) .
The SF-36, is a generic questionnaire including 8 dimensions of health covered by 36 items: physical functioning (pF, 10 items), physical role limitations (Rp, 4 items), bodily pain (bp, 2 items), general health perceptions (gH, 6 items), vitality (VT, 4 items), social functioning (SF, 2 items), emotional role limitations (Re, 3 items), and mental health (MH, 5 items). The scores range from 0 to 100 (worst to best) (25).
In the self-reported, generic eQ-5D questionnaire 5 questions are posed, 1 each on mobility, self-care, pain, usual activities, and psychological status. The instrument presents an index value for health status (0 = death, 1 = full health) (26).
Aerobic capacity. Aerobic capacity (maximal oxygen consumption, VO 2max ) was determined using an 8-min, sub-maximal treadmill walking test. Age, sex, self-selected walking speed (km/h), and working heart rate were used to calculate the individual's oxygen uptake, expressed as ml•kg -1 •min -1 (27, 28). Participants taking β-blockers were excluded from this test.
Grip strength. The gRIppIT dynamometer was used to measure grip strength. In this standardized test the patient was seated in a standardized position and instructed to press the handle of the instrument for 10 s with each hand. Three values were measured (in Newtons), maximal strength, mean strength and final strength. In this study we used mean strength, calculated as left plus right hand strength divided by 2 (29, 30).
Performance of shoulder, arm and hand. The shoulder, arm and hand test was used to evaluate the performance of the upper extremities. Five different tasks were used to evaluate the range of movement of the shoulder, arm and hand, resulting in a total score ranging from 0 to 60 (worst to best) (31).
Composite score of observed function. The Signals of Functional Impairment (SOFI) index was used to evaluate the observed function of the upper (8 items) and lower (4 items) limbs in the pA group only. The total score ranged from 0 to 48 (best to worst) (32).
Composite score of observed axial status. The range of spinal movement was evaluated, in the SpA group only, with the bath Ankylosing Spondylitis Metrology Index (bASMI). Five clinical measures in the cervical and lumbar area provide a total score from 0 to 10 (best to worst) (33).
Analysis
The analyses were performed in 3 steps. First, the 15 outcome measures were linked to the ICF. The linking was performed to validate the instruments' ability to cover the different ICF components (content validity). Secondly, construct validity was assessed based on hypotheses of convergent and divergent validity. Finally, the instruments responsiveness to change was calculated.
Linking the outcome measures to the ICF. The linking process was done by identifying each item in the Swedish version of all instruments included. The meaningful concepts of the question, including the response options and examples given, were identified according to previously published linking rules (8). each meaningful concept was linked to the most precise third-level ICF category. The representation of the categories was then linked to the ICF component(s): body function, body structure, activity and participation and environmental factors (5, 9). The outcome measures coverage of the ICF components was analysed on a total score or on a subscale level, depending on how the instrument was constructed.
The ICF model was developed to describe and capture aspects of health, and thus questions aimed only at assessing "health" must be linked to the encompassing term instead of to the concepts of body structure/function, activity and participation and environmental factors (5, 8, 34) .
The meaningful concepts were identified by one of the authors, SH, who also performed the linking of the scales to the ICF. In the second step, Ab critically reviewed the proposed linking, and after discussions Validation of outcome measures in team rehabilitation and consensus between SH and Ab the linking was presented to eL and IFp, who reviewed it thoroughly, disagreements were discussed and thereafter SH and AB finally reached consensus.
Construct validity of the outcome measures.
To determine the relationship among the various instruments of physical function, HRQoL and pain of the disease, construct validity was analysed on baseline values and we focused on convergent vs divergent validity according to predefined hypotheses (35):
• We hypothesized that outcome measures constructed to measure patient-reported pain (VAS pain, NHp pain, SF-36 pain, bASDAI) would be highly related, r s ≥ 0.8 (convergent validity).
• We further hypothesized a relationship of r s ≥ 0.8 (convergent validity) in measures of global health (bASg1, bASg-2, VAS global and SF-36 gH).
• Subscales of HRQoL measures describing similar constructs, such as energy levels (NHp energy, NHp sleep and SF-36 VT), mental conditions (NHp emotion, SF-36 MH), social aspects (NHp social, SF-36 SF), and physical aspects (SF-36 pF, NHp physical) were expected to be related, meeting requirements of convergent validity (r s ≥ 0.8).
• Summary scales of the HRQoL measures NHP and EQ-5D were expected to be highly related r s ≥ 0.8 (convergent validity).
• Measures of patient-reported physical functioning as captured by the HAQ and the bASFI, were expected to be related, r s ≥ 0.8 (convergent validity).
• Observed outcome instruments measuring hand and arm functioning: grip strength, the SOFI and the Shoulder-arm-hand test were expected to show a convergent validity of r s ≥ 0.8.
• Aerobic capacity and BASMI were expected to have low relationships, r s ≤ 0.2 (divergent validity) with all other outcome instruments measuring observed physical function.
Responsiveness. We wanted to compare the magnitude of change after the intervention. After completion of the intervention and the subsequent 12 month follow-up, a non-parametric standardized response mean (SRM np ) was calculated for each instrument or its subscales (36).
Statistics
Data analyses were performed on all patients as well as for the pA and the SpA groups separately. As results were similar in both groups the results from the total group of 216 patients are represented herein.
Where differences occurred between the two groups, complementary subgroup data have been provided. Statistical analyses were performed with SpSS. Non-parametric statistics were used for analyses and to determine changes over time, since the distribution was skewed. Construct validity was analysed by Spearman's correlations (r s ). baseline values were regarded as fulfilling criteria for divergent validity when the correlation coefficient was ≤ 0.2 and for convergent validity when the correlation coefficient was ≥ 0.8. Responsiveness was analysed using change values (Δ), (between the start of the intervention, after 18 days, and after 12 months) expressed as the median (md) and inter quartile range (IQR). The non-parametric SRM np was calculated as the median change in score divided by the interquartile range of change in scores, to account for the fact that the data were skewed. The magnitude of change due to intervention (responsiveness) was classified as small (0-0.2), moderate (0.3-0.5) or large (> 0.5) (37).
Ethics
Approval was obtained from the Regional ethical Review board, (No. 405/2008) .
ReSULTS
ICF components
The 15 outcome measures investigated comprised 14 subscales, rendering a total of 27 measurement scales. Using the ICF linking rules, we found that all outcome measures included at least one ICF component. body function was the most well-represented ICF component; 19 out of 27 outcome measures or subscales included items that covered this component, followed by the component of activity and participation (11 outcome measures/ subscales). environmental factors were covered by 4 outcome measures/subscales investigated in this study (Tables I-II) . The overall construct of health was covered by the VAS global, bASg-1 and bASg-2, and also by a single item in eQ-5D and in 4/8 subscales of the SF-36 (gH, pF, Rp and SF) (Tables  I and II) .
Measures of pain
All measures of patient-reported pain (VAS pain, NHp pain, SF-36 pain, bASDAI) were linked to the ICF component body function. The NHp pain and the SF-36 pain also represented activity and participation covering two components of the ICF (Table I-II) . In the bASDAI, 3 out of 6 questions include pain estimated on a VAS and correlation to a single measure of VAS pain was r s 0.8, indicating a large relationship between these two outcome measures (convergent validity) (Table III) . bASDAI showed a larger SRM np after 18 days than did the VAS (0.8 vs 0.5), while both measures had values of SRM np close to zero 12 months later (SRM np 0.1 vs 0.2) demonstrating the bASDAI to be superior to a single VAS pain measure in short-term evaluation of outcome in patients with SpA (Table  IV) . No other measures of pain showed a convergent validity according to our predefined hypotheses (Table III) . The SF-36 bp (SRM np 0.5) and the NHp pain (SRM np 0.4) showed more consistent responsiveness than did the VAS pain (Table IV) .
Measures of global health
Outcome measures of global health (VAS global, SF-36 gH, and, in the SpA group also bASg-1 and bASg-2) were linked to the ICF overall construct health. These instruments did not show convergent validity, contrary to our hypothesis (r s 0.5-0.7) (Table III) . Concerning the magnitude of change due to intervention, VAS global, SF-36 gH and bASg-1 had similar responsiveness after 18 days (SRM np 0.5-0.7), and after 12 months (SRM np of 0.1-0.4), with SF-36 gH being the most consistent measure (Table IV) . The results of the two groups of patients diverged regarding responsiveness of the SF-36 gH, where it was larger and more consistent in the SpA group compared with the pA group (SRM np of 0.6 and 0.6 vs 0.4 and 0.2, respectively).
Measures of energy levels, mental, social and physical aspects of health-related quality of life
The HRQoL subscales describing energy levels (NHp energy, SF-36 VT and NHp sleep), mental aspects (NHp emotion, SF-36 MH), and social aspects (NHp social, SF-36 SF) were all linked to the ICF component body function, both NHp social and SF-36 SF also covered activity and participation, with the SF-36 SF subscale also covering the overall construct health. Subscales describing physical aspects (SF-36 pF, NHp physical) were linked to the activity and participation component, whereas the SF-36 pF also covered the health construct (Table  II) . However, neither of these subscales met the criteria for convergent validity hypothesized a priori (Table III) .
The SF-36 VT was found to be the most responsive subscale measuring energy levels, with an SRM np of 0.7 at 18 days and SRM np 0.2 after 12 months. The SF-36 MH was the most responsive subscale measuring change due to intervention (SRM np 0.7 and 0.2) while subscales measuring social aspects (NHp social, SF-36 SF) had an SRM np of 0 at all points of evaluation (Table IV) . SF-36 pF had a larger responsiveness after 18 days (SRM np 0.5) compared with NHp physical (SRM np 0.3), but after 12 months both subscales had an SRM np of 0.
Total scores of Euroqol-5 Dimensions and Nottingham Health Profile
both the eQ-5D and the NHp questionnaires provide total scores. Linking the eQ-5D to the ICF it captured body function, activity and participation, environmental aspects and health. The NHp total score does not cover health, but otherwise covers the same aspects as eQ-5D. The total scores of the eQ-5D and the NHp showed moderate correlation (r s 0.6) not high enough to fulfil our a priori hypotheses (Table III) . These two measures of HRQoL outcome were comparable in responsiveness over time (NHp SRM np 0.6 and 0.3, and eQ-5D SRM np 0.4 and 0.2) ( Table IV) .
Measures of patient-reported physical function
patient-reported physical function, as measured by the HAQ and the bASFI, showed similar linking to the ICF components activity and participation and environmental factors, but the bASFI could also be linked to the component body function.
The two questionnaires had a correlation coefficient of r s 0.8, implying measures of related constructs (convergent validity) ( Table III) . The BASFI was superior to the HAQ in reflecting responsiveness, with a SRM np of 0.7 and 0.6 (18 days and 12 months later) vs 0 at both time points for the HAQ (Table IV) When analysing the responsiveness of the HAQ we found a subgroup difference where the SRM np was 0.2 after 12 months in the SpA group vs 0 in the pA group.
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Measures of hand and arm functioning
Measures of hand and arm functioning (grip strength, the SOFI and the Shoulder-armhand test) were linked to the ICF component body function. Contrary to our hypothesis construct validity among these measures was not shown ( Table V) . The SOFI had the largest responsiveness, SRM np 0.7 and 0.3, while grip strength and shoulder-arm-hand function had lower responsiveness, SRM np 0.2-0.4 (Table IV) .
Aerobic capacity and Bath Ankylosing Spondylitis Metrology Index
both aerobic capacity and the bASMI were linked to the body function component.
In accordance with our hypothesis, both instruments showed a divergent validity to all other observed physical outcome measures, with correlations of r s ≤ 0.2 (Table V) . both instruments had large responsiveness at all time points (aerobic capacity SRM np 1.1 and 1.2 and bASMI SRM np 0.8 and 0.5) (Table IV) .
DISCUSSION
In this methodological study we found that outcome instruments commonly used in rehabilitation practice and research covered the ICF components body function, activity and participation, whereas the environmental component was covered to a lesser extent. In the clinic as well as in research, knowledge of what ICF components the different outcome measures cover can be helpful in order to choose the right outcome measure for a specific intervention. Our findings also showed that a short questionnaire with 5 items, such as the eQ-5D, may cover more ICF components than a more extensive measure. Aerobic capacity and the bAS indices were highly responsive measures over time and can be recommended when applicable to the intervention performed.
The choice of HRQoL outcome measure to use depends on the context, and several aspects will have to be considered. If a multidimensional instrument is appropriate the subscales of the SF-36 may be preferable to Table III 
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the NHp subscales; however, the eQ-5D had several advantages to both the NHp and the SF-36 in our study. For instance, the 5 items covered body function, activity and participation, environmental factors and health components of the ICF, whereas the NHp and the SF-36 covered only 3 out of these 4 components. Furthermore, the eQ-5D showed a stable responsiveness over time at levels comparable to the subscales of the NHp and the SF-36. The largest responsiveness over time was seen in the NHp total score, but when analysing the subscales, several of them showed no responsiveness at all. Furthermore, the eQ-5D is short and takes only a few minutes to complete. Most of the outcome instruments studied showed moderate correlations. This implies that outcome measures, often used clinically and assumed to evaluate similar aspects of the disease and rehabilitation outcome, only partially reflect and measure the same construct. Although similar findings have been reported previously (38, 39), pain and HRQoL are often evaluated using different instruments. A standard core set of outcome instruments would make comparisons among studies more feasible and could prevent future comparisons of "apples and oranges".
The bAS indices covered many aspects of health according to the ICF classification and showed a comparably large responsiveness even after 12 months, except for the bASDAI and BAS-G1. According to our findings it is redundant to administer both bASDAI and VAS pain when measuring pain in SpA patients. The same finding applies for the BASFI and the HAQ, which were highly related and should not be administered together. The bASFI is preferred due to greater and more consistent responsiveness, it also covers an additional ICF component compared with the HAQ. The preference for the bAS indices compared with the HAQ in our study support previous knowledge of the accuracy of the bAS (40) and the low responsiveness of the HAQ, which has been described earlier (39, 41) . bASMI proved to be an important measure for patients with SpA, since it had low correlations with upper extremity range of motion and strength and also had a large responsiveness up to 12 months after the intervention.
Our findings also showed that aerobic capacity is an important measure of physical function, when applicable. It provided an aspect of body function that was not detected by any other of the outcome measures in this component. In addition, it had considerable responsiveness. given current knowledge of cardiovascular co-morbidity and subsequent recommendations about physical activity, it is important to Adams et al. (42) . In their study, instruments with interval scales were found to be more responsive to change than those with ordinal scales. Aerobic capacity and the bAS indices should be regarded as interval scales. The low to moderate responsiveness over time of the HAQ and the HRQoL measures included in this study (the NHp, the SF-36 and the eQ5D) is also in accordance with the findings of Adams et al. (42) .
Over the past decades, the development of methods of evaluation has been extended to encompass the consequences of the disease that are relevant to the patient, as well as to the healthcare system and society (43). In ongoing work on the ICF structure, environmental factors have been stressed as being of great importance, as are personal factors (5, 44). In accordance with others, we found that environmental factors were only superficially targeted in the outcome measures included in this study (38, 45) . Instruments targeting environmental aspects are under development (44). Some of the instruments studied have previously been linked to the ICF (5, 46, 47) and repeating the linking in every culturally adapted version could be considered time-consuming and unnecessary. Nevertheless, discrepancies between the english and Swedish versions of the outcome measures emerged during the linking process, both in the HAQ and the SF-36. This indicates that national differences are to be expected on the national versions of the outcome instruments; hence, one particular ICF linking process is not valid in all countries (5). Linking to the ICF is, in the end, based on a subjective decision, which might explain the differences between published results. because of the skewed distribution of the data, the new SRM np was used to analyse responsiveness. Contrary to the definition of the parametric SRM (mean change/SD of change), the SRM np was described as the median change/the interquartile range of change. The SRM np is thus, by definition, a more robust measure of responsiveness than the original SRM for non-normally distributed data. The SRM np can be expected to produce smaller estimates, since the IQR is usually wider than the SD in most distributions.
The selection of the included outcome measures was primarily based on clinical reality, thus other important or useful outcome measures might have been omitted. Furthermore, the total number of included patients generating data for this study differed among the analysed instruments, which may affect the magnitude of change due to intervention and is a possible limitation to the study. The smallest number of participants occurred in the bAS indices (n = 69); however, these instruments performed better than instruments with a larger number of included patients.
In conclusion, in order to compare results across different intervention studies, the same instruments need to be used, as many of the instruments are not highly correlated, even though at face value they appear to measure the same construct.
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